Correspondence: Xiaolei Zhang (xiaoleizhang lyrm@126.com) Several studies have evaluated the association of miR-146a C/G with head and neck cancer (HNC) susceptibility, and overall cancer risk, but with inconclusive outcomes. To drive a more precise estimation, we carried out this meta-analysis. The literature was searched from MEDLINE (mainly PubMed), Embase, the Cochrane Library, and Google Scholar databases to identify eligible studies. A total of 89 studies were included. The results showed that miR-146a C/G was significantly associated with increased HNC risk in dominant model (I 2 =15.6%, P heterogeneity =0.282, odds ratio (OR) =1.088, 95% confidence interval (CI) =1.002-1.182, P=0.044). However, no cancer risk was detected under all genetic models. By further stratified analysis, we found that rs4919510 mutation contributed to the risk of HNC amongst Asians under homozygote model (I 2 =0, P heterogeneity =0.541, OR =1.189, 95% CI =1.025-1.378, P=0.022), and dominant model (I 2 =0, P heterogeneity =0.959, OR =1.155, 95% CI =1.016-1.312, P=0.028). Simultaneously, in the stratified analysis by source of controls, a significantly increased cancer risk amongst population-based studies was found under homozygote model, dominant model, recessive model, and allele comparison model . However, no significant association was found in the stratified analysis by ethnicity and source of control. The results indicated that miR-146a C/G polymorphism may contribute to the increased HNC susceptibility and could be a promising target to forecast cancer risk for clinical practice. However, no significant association was found in subgroup analysis by ethnicity and source of control. To further confirm these results, well-designed large-scale case-control studies are needed in the future.
Introduction
Cancer, although an age old disease, still poses a formidable challenge to researchers and clinicians. Little is known about its initiation, sustenance, progression and metastasis, and resistance and remission. Due to its morbidity and mortality, cancer is one of the most dreaded diseases and the related fatalities are majorly attributed to delayed diagnosis and treatment. Head and neck cancer (HNC), the sixth most frequent kind of cancer worldwide, is a group of biologically similar cancers that originate from head and neck regions such as oral cavity, pharyngeal cavity, and larynx [1] . Multifactors such as smoking, drinking, betel quid chewing, papilloma virus infection, and exposure to toxic substances are suggested to be the etiological risk factors for HNC [2, 3] . Nevertheless, though many individuals are exposed to these external factors, HNC develops only in a small proportion of the exposed people, indicating that intrinsic factors such as genetic polymorphism might play critical roles in its carcinogenic mechanisms. miRNAs represent a class of evolutionarily conserved, endogenous, single-stranded, non-coding RNA molecules of ∼20 nts that regulate gene expression by degrading mRNAs or suppressing translation. miRNAs have been implicated in a wide range of physiologic and pathologic processes, including development, cell differentiation, proliferation, apoptosis, and carcinogenesis [4, 5] . Accumulating evidence indicates that the expression of roughly 10-30% of all human genes is regulated by miRNAs [6] . More than half of the known miRNAs are located in cancer-associated genomic regions, and miRNAs are thought to contribute to oncogenesis because they can function either as tumor suppressors or oncogenes [7] . Analyses in human epithelial malignancies have shown that cancers can be distinguished and classified by distinct tumor-specific miRNA signatures [8] . Some of the key dysregulated miRNAs could serve as molecular biomarkers, leading to improved diagnosis and monitoring of cancer treatment response [9] [10] [11] .
Single nucleotide polymorphisms (SNPs) are a type of common genetic variations associated with population diversity, disease susceptibility, drug metabolism, and genome evolution [12] . SNPs may affect the expression and function of miRNAs, which could therefore contribute to the susceptibility to cancer occurrence and development [13] [14] [15] [16] . miR-146a C/G is located in the stem region opposite to the mature miR-146a sequence, which is suspected to have an effect on tumor immune responses and ultimately the development of cancer. In recent years, the polymorphism rs2910164 in miR-146a has attracted wide attention and many studies have been published to explore the association between SNPs of miRNAs and susceptibility to various cancers. But the results were not conclusive and consistent. Since SNPs in miRNAs are closely associated with head and neck cancer (HNC) susceptibility, it is necessary to assess whether these SNP polymorphisms are the risk factors for HNC. It is reported that meta-analysis is a well-established method for combining all the results from the available published information to produce a single estimate for quantitating gene-disease associations more precisely to increase the statistical power [17] . Thus, we performed this meta-analysis of case-control studies to estimate the importance of pre-miR-146a C/G polymorphism for HNC susceptibility.
Materials and methods

Publication search
A comprehensive electronic search was performed to identify articles published up until 12 November 2016 in MEDLINE (mainly PubMed), Embase, the Cochrane Library, and Google Scholar using the following search terms: 'miR-146a' or 'rs2910164' and 'head and neck cancer' or 'cancer' or 'tumor' or 'carcinoma' and 'polymorphism' or 'SNPs' or 'variation' . All eligible studies published in English were retrieved, and their bibliographies were checked for additional relevant publications. Review articles and bibliographies of other identified relevant studies were searched by hand to identify any additional eligible studies.
Inclusion and exclusion criteria
Studies included in this meta-analysis had to meet all of the following criteria: (i) case-control study evaluating the association between miR-146a C/G polymorphism and susceptibility to HNC and overall cancer; (ii) sufficient published data for calculating odds ratios (ORs) with corresponding 95% confidence intervals (CIs); (iii) full-text manuscript; and (iv) only the most recent or complete study reporting on the same population of patients was included. Exclusion criteria included: (i) reviews, other meta-analyses, comments, letters, and editorial articles; (ii) not a case-control study; and (iii) no usable data reported. group of each study was calculated by χ 2 test and P<0.05 presented a state of disequilibrium [18] . We also performed subgroup analyses by ethnicity and source of control, and heterogeneity was calculated by χ 2 -based Q-statistic [19] . Both random-effects model (when P-value of heterogeneity was less than 0.05) and fixed-effects model (when P-value of heterogeneity was more than 0.05) were used [20, 21] . Sensitivity analyses were performed to verify if our present results were stable. Begg's funnel plots and Egger's linear regression tests were used to examine possible publication bias [22, 23] . All statistical analyses were performed using Stata software version 11.0 (StataCorp LP, College Station, TX, U.S.A.). All statistical analyses were two-sided, and P-values <0.05 were considered statistically significant.
Results
Characteristics of eligible studies
A total of 721 articles were retrieved after the first search in PubMed, Embase, the Cochrane Library, and Google Scholar. Selection following the specified criteria eliminated 632 studies, leaving 89 individual studies . The details of the selection process are presented in Figure 1 . The publication years of included articles ranged from 2008 to 2016. The distributions of miR-146a C/G genotype in all studies were in accordance with HWE in the control group. No significant differences were found between cases and controls with respect to gender and age distributions. The modified quality scores of all studies ranged from 9 to 16, with 71% (5/7) of the included studies classified as high quality (≥12).The characteristics of all included studies are summarized in Table 1 .
miR-146a C/G polymorphism and HNC risk
In the overall analysis, we pooled 13 separate studies to explore the association between miR-146a C/G polymorphism and the risk of HNC under homozygote, heterozygote, recessive, and allele comparison model. There is no significant association between miR-146a C/G polymorphism and the risk of HNC under homozygote model (I 2 =21.6%, P heterogeneity =0.226, OR =1.113, 95% CI =0.980-1.263, P=0.099, Figure 2 ), heterozygote model (I [103] 2016 Taiwan  Asian  OSCC  HB  TaqMan  assay   512  668  71  241  200  103  293  272 Chen et al.
2 [103] 2016 Taiwan  Asian  PSCC  HB  TaqMan  assay   146  668  16  77  53  103  293  272 Chen et al.
3 [103] 2016 Taiwan  Asian  OPSCC  HB  TaqMan  assay   658  668  87  318  253  103  293  272 Abbreviations: BC, breast cancer; CRC, colorectal cancer; GC, gastric cancer; ESCC,esophageal squamous cell carcinoma; HB, hospital-based; HCC, hepatocellular carcinoma; HNSCC, squamous cell carcinoma of the head and neck; HRMA, high resolution melting analysis; LC, lung cancer; NSCLC, non-small-cell lung carcinoma; OPSCC, squamous cell carcinoma of the oral cavity, oropharynx, and hypopharynx; OSCC, oral squamous cell carcinoma; PB, population-based; P hwe , P-value of HWE; PSCC, squamous cell carcinoma of the oropharynx and hypopharynx; PTC, papillary thyroid cancer; RFLP, restriction fragment length polymorphism; SCCHN, squamous cell carcinoma of head and neck; TNBC, triple negative breast cancer. 1, 2, 3 The superscript values 1, 2 and 3, indicate the number of studies (one, two and three respectively) covered the published article.
=14.2%, P heterogeneity =0.301, OR =1.084 , 95% CI =0.991-1.186, P=0.079, Figure 3 ), recessive model (I 2 =66.3%, P heterogeneity <0.01, OR =1.068, 95% CI =0.896-1.272, P=0.465, Figure 4) , and allele comparison model (I 2 =61%, P heterogeneity =0.002, OR =1.061, 95% CI =0.966-1.166, P=0.214, Figure 5 ). Furthermore, we pooled all 14 eligible studies to explore the association between pre-miR-146a C/G polymorphism and the risk of HNC. Significant association was found under dominant model (I 2 =15.6%, P heterogeneity =0.282, OR =1.088, 95% CI =1.002-1.182, P=0.044, Figure 6 ). In the subgroup analysis by ethnicity, no significant association was found amongst Caucasians under homozygote model (I 2 =36.7%, P heterogeneity =0.177, OR =0.919, 95% CI =0.716-1.180, P=0.509, Table 2 ), heterozy- Table  2 ). Results of the meta-analyses are presented in Table 2 . 
miR-146a C/G polymorphism and overall cancer risk
Furthermore, we explored the association between the pre-miR-146a C/G polymorphism and overall cancer risk.
We first analyzed the heterogeneity by Q-test and I-squared in any of the genetic models. Significant statistical heterogeneity was identified in the homozygote model (I 2 =57.1%, P heterogneity <0.001), heterozygote model (I 2 =55.1%, P heterogneity <0.001), dominant model (I 2 =46.4%, P heterogneity <0.001), recessive model (I 2 =60.9%, P heterogneity <0.001), and allele comparison model (I 2 =58.8%, P heterogneity <0.001), so that random-effects model was used in all genetic models. Overall, significant association was not identified in all genetic models (homozygote model: OR =1.005, 95% CI =0.931-1.084, P=0901, =0.946-1.066, P=0.880, Figure 10 , and allele comparison model: OR =0.999, 95% CI =0.965-1.035, P=0.970, Figure  11 ). Subgroup analysis was performed according to ethnicity. The same result was found, that is, no significant association was detected in all genetic models amongst Caucasians, Asians, and mixed populations. All the results are listed in Table 3 . 
Publication bias
Egger's test and Begg's test were used to investigate the publication bias in the literature in all the genetic models. No publication bias was detected by Begg's and Egger's tests. The shapes of the funnel plots (not shown) did not identify obvious asymmetry in any of the comparison models, and plot symmetries are evidenced by P-values greater than 0.05. Accordingly, no publication bias was evident in the meta-analysis (Tables 2 and 3 ).
Sensitivity analysis
We performed sensitivity analysis by sequential omission of individual studies, and the results showed that the significance of the pooled ORs for miR-146a rs2910164 polymorphism was not excessively influenced, suggesting the stability and reliability of the results in the present meta-analysis (not shown).
Discussion
It is well known that genetic mutations are responsible for cancer occurrence [104] . SNPs, as the most common genetic sequence variation, could affect the function of a series of miRNAs by altering the formation of the primary transcript, miRNA maturation, or miRNA-mRNA interactions [105, 106] . Thus, genetic susceptibility to cancer, particularly from SNPs, has been a research focus in the scientific community. Previously, variations of the pre-miR-146a C/G gene have drawn increasing attention in cancer etiologies, and altered expression levels have been observed in inflammatory diseases as well as in cancers [107, 108] . The results of the present meta-analysis confirm that miR-146a C/G polymorphism is associated with HNC risk. This risk is significant amongst the individuals with a dominant genotype model. In the stratified analysis by ethnicity, significant analysis was detected amongst Asians under homozygote and dominant model, while no association was found amongst Caucasians under all genetic models. Furthermore, significant association was found in population-based studies under homozygote, dominant, recessive, and allele comparison models. However, no significant association was detected in hospital-based studies under all genetic models. Moreover, no significant association was found between this gene polymorphism and overall cancer risk. Furthermore, in the stratified analyses by ethnicity and source of control, no significant association was detected in the subgroup analyses of source of control.
To the best of our knowledge, the present study is the first and most comprehensive one to date to assess the relationship between miR-146a C/G polymorphism and HNC risk, and the most comprehensive one to date to explore the association between this gene polymorphism and overall cancer risk. Nevertheless, our meta-analysis also has some limitations common to these types of studies. First, relatively large heterogeneity was observed across all the studies involved despite the use of strict criteria for study inclusion and precise data extraction. So, we performed subgroup analyses to explore the possible source of heterogeneity. Second, the majority of subjects included in this meta-analysis were mainly Caucasians and Asians. Thus, the inherent genetic and geographic differences require more data from different ethnic group to increase the statistical power. Third, the low sample size in some of the included studies likely influences the statistical power for evaluating the association between the miR-146a C/G polymorphism and HNC risk, especially in subgroup analyses. Fourth, lack of original data from the reviewed studies limited our further evaluation of potential interactions, considering that gene-to-gene and gene-to-environment interactions might modulate cancer risk. As a result, a more precise analysis stratified by variable host factors could be performed. Last, although the results for publication bias were not statistically significant, publication bias may still exist, because only published studies were included in this meta-analysis.
In conclusion, the meta-analysis presented here indicates that miR-146a C/G polymorphism more is likely contribute to the susceptibility to HNC, and overall cancer risk. Further well-designed studies with large sample size are needed to confirm these findings.
